INTRODUCTION
Potato, a starchy, tuberous crop from the perennial Solanumtuberosum of the Nightshade family, is a major food crop in the world. It is a rich source of carbohydrate and its protein has a higher biological value than cereals and considered to be better than milk. Global potato production rate is about 324 million metric tons per year out of which India contributes to about 36.5 million metric tons per year as per a study undertaken in 2010. Due to inadequate storage facilities and processing units about 17-20% is wasted and due to its perishability more than 50% of surplus is wasted during transportation. Only about 5% of the world's potato crop is traded internationally (Food Processing Industries Survey, West Bengal). The export potential of potato can be increased by employing an ideal preservation technique that will increase the shelf life, diversify its usability, help in development of some innovative food products, as well as stabilize its international market value. Thin layer drying is one of the most common methods used for preserving potatoes and extending their shelf lives by reducing the moisture content to a low level. Another comparatively new drying technique foam-mat drying, originally developed by Morgan et al. in 1959 at the Western Regional Research Laboratory of the U.S. Department of Agriculture (Morgan et al, 1961,) , is a promising new development in the field of drying of high moisture foods. Drying of food material depends upon the heat and mass transfer characteristics of the product being dried. The thermal properties are unique and influence the efficiency of the process as well as the process itself involving changes in temperature of the process and composition of the food material (Heldmanet al., 2002) . Thermal properties aid in selection and calibration of the drying equipments and understanding the transformations occurring inside the food matrix, e.g., the evolution of Biot number, the change in heating kinetics inside the particle as the drying progresses. Density, thermal conductivity, thermal diffusivity and specific heat capacity are four important thermal engineering properties of a material related to heat transfer characteristics. These parameters are essential in studying thermal processes of potato. Specific heat in thermal processes has a key role in computation of energy cost and also required dimensions for machinery and equipment design. Moreover, this parameter changes in food products along with their physical and chemical properties (Mioe and Grodek, 2007) . Thermal conductivity of food materials is very important not only for process design, but also to predict and control of different changes occurring in food during thermal processing. Generally, this character depends on moisture content, temperature, porosity, nutritional content and component phase's distribution. Also, thermal diffusivity is a necessary transport attribute that is needed in modelling and computations of transient heat transfer in basic food processing operations, including drying, cooling/freezing and thermal processing (Kocabiyiket al.
2009).
Research on thermal properties has been reported for agricultural crops, especially different types of seeds, such as borage seed (Boragoofficinalis) (Yang et al., 2002) , cumin seed (CuminumcyminumLinn.) (Singh and Goswami, 2000), guna seed (Citrulluscolocynthis) (Aviaraet al., 2008), black seed (Nigella oxypetalaBoiss.) (Gharibzahediet al., 2012) , roselle seed (Hibiscus sabdariffaL.) (Bamgboye and Adejumo, 2010) and Loco (Concholepasconcholepas) (Reyes et al., 2011) . This investigation has been carried out with the specific objective of determining the thermal properties of potato of Chandramukhi variety. Moreover incorporation of foam changes the structure of the food matrix which directly effects the transport processes during foam mat drying. Hence the effect of different degrees of foaming and moisture reduction under elevated levels of temperature on these properties was also studied. Colour as a physical property was determined as a measurement of the overall effect of the processing conditions on the quality and acceptability of the final dried sample.
MATERIALS & METHODS

Collection and Preparation of Raw Material
Potatoes used in this study were of Chandramukhi variety freshly collected from local market of South Kolkata (cultivated in Tarakeswar, Hoogly district, West Bengal, India). The potato samples were washed with running tap water and distilled water respectively to make it free from dirt and soil and blotted with a tissue paper for removal of excess surface water. The potato samples were then peeled and cut into slices of equal thickness of 10±0.3 mm each. The potatoes had initial moisture content of 82.34gm of moisture/100gm wet weight. The sliced potato samples were blanched in hot water (Temperature 90±20ºC) containing 2 gm NaCl/100 gm of water of sodium chloride (NaCl) and 2mg of potassium meta-bisulphate/1000gm of water for 10 minutes and followed by preparation of mash in a mixer grinder. The potato mash was gelatinized in an autoclave at 10 psig pressure for 15 minutes (Chakraborty et al, 2013 ) . Then glycerol monostearate (GMS) was weighed in different amounts (1%, 2%, and 3% respectively) then mixed with a refined vegetable oil and water in a ratio of 2:1:10 respectively and heated in boiling water bath (90-100ºC) and stirred till Thermal properties of potato of Chandramukhi variety, including density, specific heat, thermal conductivity and thermal diffusivity during foam mat and thin layer drying were determined. The thin layer drying was conducted at three different temperatures i.e. The foaming agent has a significant effect on drying rate and thermo-physical properties at p<0.05 level. Temperature and foaming both have a significant effect on color of dried powder at p<0.05 level. These thermal characteristics can be practically applied in modeling thermal behavior of potato mash during thermal processing operations.
ARTICLE INFO
GMS gets evenly dispersed to form slurry. The potato mash and water was added (in a ratio of 10:1 respectively) to the three different slurries and stirred at 300 rpm for 10 minutes in a magnetic stirrer (Eltek, Model -2011) to form a thick foam slurry. The foam mat drying and thin layer hot air drying experiments were carried out in a batch type tray drier (Suan Scientific Instruments &Equipments). The drier was equipped with an electrical heater, blower (230rpm) and temperature indicators. It consisted of trays (800X400X30mm) with perforations of diameter 7mm and a temperature controller (0-200ºC). The tray drier was run intermittently in order to stabilize the desired temperatures (i.e. 50ºC, 55ºC, 60ºC respectively) inside the chamber. The homogeneous foamed potato was poured to Petri plate to equal thickness of 10mm and equal weight of 10gms each and kept for drying. Same was done for non foamed potato mash. The trays were then placed on the tray stand in position for drying. The foamed and non-foamed potato slurries were dried at different temperatures until constant weight. The Petri plates were taken out of the drying chamber at different time intervals for determination of weight loss. The loss in weight was recorded using Dhona balance having least count of 0.1 mg on initial and final weight basis. Final moisture content of each of the sample was obtained by A.O.A.C method. A crispy powder was obtained which was grounded to a fine powder and packed in LDPE zip pouches (0.06mm film thickness) separately.
Determination of Thermophysical Properties
The thermophysical properties i.e. specific heat, density, thermal conductivity and thermal diffusivity of the thin layer potato mash and the foamed potato mash were calculated from Choi and Okos model (Choi and Okos, 1986) . The compositions of the potato mashes were determined at different time intervals with the different sample weights obtained and the mass fractions and volumetric mass fractions were calculated from it.
Prediction of Specific Heat
The specific heat of a food is defined as the quantity of thermal energy associated with unit mass of the food and a unit of change in temperature. A general prediction model for analysis of specific heat of food as a function of its composition and drying temperature has been developed by Choi and Okos (Choi and Okos, 1986 ) based on an extensive study and analysis of specific heat data for many types of food with different compositions and over a temperature range of 20-100ºC (Heldman et al, 2002) . The specific heat of the total product is expressed as a summation of the product of component specific heat and mass fraction of the component:
where cp is the total specific heat, cpi is the component specific heat and Mi is the mass fraction of the product.
Prediction of Density
The general model for prediction of density was proposed by Choi and Okos (Choi and Okos, 1986 ) and involves around the product composition (Mi) and the density (ρi) for each component (Heldman et al., 2002) .
The proposed model predicts the density of high moisture food (> 60%) from the compositional information and the density relationships from the general model. For intermediate and low moisture foods (<60%) the particle density can be predicted by ρp = es(ρs -ρa) + ρa (3) based on density of the product solids (ρs) predicted from the general model, the volume fraction of solids (es) from the compositional components and the density (ρa) of air. The total density of the food can be calculated in a similar manner as that of the high moisture foods (Heldman et al., 2002) .
Prediction of Thermal Conductivity
The general model for prediction is based on the observations made by Choi and Okos (1986). The thermal conductivity (k) of the food material can be given as k = Ʃ(kiEi) (4) where the volume fraction (Ei) is estimated for each component by
Since the general model does not emphasize on the physical structure of the food material so it is applicable for high moisture (>60%) foods. In cases where the discontinuous component is same or higher in concentration than the continuous component the thermal conductivity can be can be expressed as derived and proposed by Kopelman (1966)
where Ed is the volume fraction of discontinuous product component, kc and kd are the respective thermal conductivities of the moisture and solid fractions of the product derived from the general model (Heldmanet al., 2002) .
Prediction of Thermal Diffusivity
The combination of these three properties is thermal diffusivity, a key property in the analysis of unsteady state heat transfer (Heldman et al., 2002) .
Mathematically it is expressed as Thermal Diffusivity = k/(cp*ρ)
Statistical analysis
A main effects analysis of variance (ANOVA) was used to establish the significance of differences among the values of drying rate, specific heat, density, and thermal conductivity at the 0.05 significance level. Statistical analyses were performed using Statistica (version 7) (Stat Soft, Inc., USA).
Color Measurement of Dried Potato Powder
Color is the most important physical attribute for acceptability and determination of quality. The color of the different potato samples were estimated using 
Regression equation Modeling
RSM Modeling
Relationships between the independent variables (temperature, percentage of GMS) and dependent variables (total color difference ΔE) for foam mat drying were studied. The regression equation was determined (using Statistica, version 7, Stat Soft, Inc., USA) using multiple regression technique by fitting second order regression equation (Khuri and Cornell, 1987 ) of the following type n nn n-1
where β0, βi, βii, βijare regression coefficients of variables for intercept, linear, quadratic and interaction terms, respectively, Xi, Xj are the independent variables, Y is the dependent variables nis number of independent variables. The relationships between the responses were judged by correlation multiple R, multiple R 2 which indicates the value of correlation coefficient and co-efficient of determination between the experimental and predicted data. The significance or P-value was decided at a probability level of 0.05.
Simple Regression
A simple regression in between dependent variable (total color difference (ΔE)) and independent variable (temperature) for thin layer drying has been determined (using Statistica, version 7, Stat Soft, Inc., USA) using the first order regression equation of following type Y= a + bX
Where, a, and b is the intercept and slope respectively, and Y is dependent variables and X is independent variables. The relationships between the responses were judged by correlation multiple R, multiple R 2 which indicates the value of correlation coefficient and co-efficient of determination between the experimental and predicted data. The significance or P-value was decided at a probability level of 0.05. et al. (2014) for melon. One of the reasons of change in specific heat of potato mash was may be due to its change in percentage composition during drying. So as the moisture content decreases and eventually becomes negligible, the composition of the potato mash becomes constant and hence the specific heat finally becomes constant. The ANOVA analysis of specific heat at different time of drying (Table 1) shows that the variation in GMS percentage (0% for unfoamed slurry and 1% to 3% for foamed slurry) has a significant effect (at p<0.05 level) on specific heat before specific heat become constant. Whereas, variation temperature of drying has a significant effect on specific heat only at the initial stages (Table 1) . One probable cause is initially when the temperature was rising up it had a significant effect on specific heat. But as temperature elevation stopped no further significant effect on specific heat was observed. (2001) for cashew. The ANOVA of density at different time of drying shows that a significant difference in density is observed mainly for variation in percentage of GMS (0% for unfoamed slurry and 1% to 3% for foamed slurry) at p<0.05 level ( Table 2 ). The probable cause is during foaming the volume of the potato mash increased due to air incorporation. As drying progressed the moisture was removed and the volume decreased. Since the volumetric contraction was higher than moisture removed, so it may be a reason why density increased with decrease in moisture content. The variation of temperature has a significant effect on density only at 120 minutes. This might be due to that after 60 minutes the temperature elevation stopped (which discussed previously for specific heat). After that, the penetration of temperature to the core of the foamed and unfoamed slurry started and almost reached completion at 120 minutes. (2000) for cumin seeds. Since water has a higher thermal conductivity compared to dry agricultural materials and thus may contribute to high thermal conductivity in them at the initial stages of drying. As drying progressed the thermal energy decreased which may be as a result of removal of large amount of moisture from it. The ANOVA analysis (Table 3) shows that throughout the process a significant difference was observed mainly for variation in percentage of GMS (0% for unfoamed slurry and 1% to 3% for foamed slurry). The addition of GMS incorporates the air into the potato mash. Due to variation of air incorporation for different percentage GMS initial volume was different for different potato slurry. Hence, the variation of GMS has a significant effect on thermal conductivity at p<0.05 level. positive relationship between thermal diffusivity and moisture content for sheanut kernel, straw mushroom and wheat respectively. Moisture has a higher ability to conduct thermal energy than dry materials. Since the potato mashes contained high percentages of liquid the initial thermal diffusivity was high. As time elapsed the removal of moisture took place which may be the cause of decrease in thermal diffusivity and hence when the moisture content became negligible the thermal diffusivity also became constant. 
RESULTS & DISCUSSIONS
Determination of Thermophysical Properties
Determination of Specific Heat
Figure 1Specific Heat of Potato Mash with different concentrations of GMS during Drying at Different Temperatures
Figure 2 Density of Potato Mash with different concentrations of GMS during Drying at Different Temperatures
Color Measurement of Dried Potato Powder
It was observed that L* values are higher in case of foam-mat drying than in case of thin layer drying and the values increased as the drying air temperatures increased from 50 to 60°C in all the cases (Table 4 ) . This may be due to the fact that foam mat drying with addition of GMS up to 2% decreased the drying time by almost 50% so the length of exposure to heat was less and thus the whiteness of the powder was preserved but above 2% GMS there was no significant change. Shi et al. (1999) for tomato and Jakubczyk et al. (2011) for foam-mat dried apple showed that higher L* value is desirable in dried products. The total color difference (ΔE) between raw potato and foam mat dried potato was less than that between raw and thin layer dried potato. The color saturation or vividness (C*) of the foam mat dried powder is comparable to the fresh raw potato slices. Drying at 60ºC with 2% GMS has shown the saturation of 16.44 which is closest to the standard raw potato. 
Regression Analysis
RSM Modeling
The RSM modeling was fitted to response data of total color difference (ΔE In equation 12, T denotes temperature ( 0 C). The value multiple R (0.98) and multiple R 2 (0.97) was found to be very good which indicates that the model was very effective for prediction of total color difference.
Simple Regression
A simple regression has been done to obtain the model equation for dependent variable (total color difference (ΔE)) and independent variable (temperature) for thin layer drying (Table 4) 
It was found that temperature has significant effect on total color difference (ΔE) at p<0.05. The value multiple R (0.99) and multiple R 2 (0.99) was found to be very good which indicates that the model was very effective for prediction of total color difference. Joglekar and May (1987) have suggested for a good fit of a model, regression coefficient (R 2 ) should be at least 80%. The above two model (i.e. equations 12, 13) can be effective for prediction purpose because R 2 value is more than 80% (i.e. R 2 > 0.80).
CONCLUSION
Change in temperature and degree of foaming agent significantly affected the thermal properties of potato. As drying progressed the decrease in moisture content showed a considerable decrease in specific heat capacity, thermal conductivity and thermal diffusivity while density increased due to loss of moisture. Knowledge of these thermal properties is important for mathematical modelling and simulation of heat and moisture transport systems. However, it is also observed that the moisture content significantly affects different thermal characteristics.The variations in temperature also had significant effect on the color of the potato. Moreover the dried sample with 2% GMS seemed to have retained the color comparable to the original color of raw potato.
